METHODS

Expression and purification of SytI C2 domains
Genes expressing the following SytI domains: C2A (residues 137-265), C2B (residues 271-421), and C2AB (residues 137-421) were cloned into pET-SUMO vector (Novagen, Madison, WI) and expressed as SUMO fusion proteins to improve the solubility and yield. In addition, the QuikChange mutagenesis kit (Stratagene, La Jolla, CA) was used to: (i) introduce a Serine residue at the N-terminus of C2A-containing constructs which improved the SUMO cleavage efficiency, and (ii) replace a sole Cysteine on C2B at position 277 with a Serine to avoid the use of reducing agents that can potentially interact with divalent metal ions.
All chromatography columns were acquired from GE Healthcare. SytI domains fused to 6xHis-tagged SUMO were expressed in BL21(DE3) (C2A and C2AB) and Rosetta(DE3) (C2B) cells and partially purified on HisTrap HP columns, followed by the removal of 6xHis-SUMO (using SUMO protease), as previously described. (C2B). 100 µM EDTA was used in all ion-exchange chromatography buffers to ensure that the purified protein remains free of any divalent metal ions. Prior to use, the concentrated protein stocks were subjected to four successive passes through the desalting PD MidiTrap G-25 columns to achieve exchange into experiment-specific buffers and removal of residual EDTA.
Crystal structure determination and refinement
The C2 crystals were transferred to undersized cryo-loops and excess mother liquor was removed prior to flash-cooling in liquid nitrogen. X-ray diffraction data were acquired using a home source Rigaku MicroMax 007HF X-ray Generator equipped with VariMax HR and HF confocal optics and RAXIS-HTC image plate detectors. Integration and scaling of the diffraction data was done using XDS. 2 The C2A structure was determined with the molecular replacement method implemented in PHASER 3 using the Protein Data Bank entry 3F00 as a search model. The initial search model coordinates contained some additional amino-terminal residues that were absent from the C2A construct used in this study. Therefore, a compact search model that passed packing function analysis was created by truncating the extended amino-terminus and some loop regions to yield successful molecular replacement solutions.
Similarly, the C2B structures were determined by the molecular replacement method using coordinates from Protein Data Bank entry 1uow 4 as a search model. Coordinates were refined using PHENIX 5 , including simulated annealing with torsion angle dynamics, and alternated with manual rebuilding using COOT. 6 Note on the identification of heavy metal ion sites: the difference Fourier maps of each structure mentioned above were used to verify that the modeled Pb 2+ are indeed heavy atoms (compared to the anomalous signal observed for sulfur atoms in the proteins 
Analysis of the ZZ exchange NMR data
The analysis of the intensity data was carried out as described by Miloushev et al. 7 Residuespecific composite peak intensity ratios, Ξ, were calculated using the following equation:
where I ab and I ba are the cross-peak, and I a and I b are the auto-peak intensities, respectively; t mix is the mixing time; and k on ' and k off are the Pb 2+ association and dissociation rate constants in the following reaction scheme:
k on ' is defined as:
The product of k on '·k off , ζ, was obtained by globally fitting the experimental data Ξ(t mix ) using Eq. S1 (Fig. S4a) . The ratio of the two rate constants, k off /k on ', is given by the apparent and k off were obtained from their product ζ (Eq. 3) and K d,app (Eq. 6). The association rate constant k on was calculated using the following equations:
where K d is the dissociation constant. The K d value was determined at 25 °C with ITC, and extrapolated to other temperatures using ΔH and ΔS values, assuming both are constant over the limited temperature range sampled. The kinetic parameters obtained with this analysis are given in Table S6 .
To determine the activation enthalpy ΔH ≠ and entropy ΔS ≠ from the temperature dependent variations in k on and k off , we used the linear form of the Eyring equation:
where T is temperature, k B is the Boltzmann constant, h is the Planck constant, and R is the gas constant. The fits to Eq. S7 are shown in Fig. 5e along with the relevant transition state parameters.
Tb
3+ luminescence experiments
Purified recombinant C2AB was buffer-exchanged into a decalcified solution of 10 mM MES at pH 6.0 and 100 mM KCl. The emitted Tb 3+ luminescence as a result of Trp to Tb 3+ FRET was measured on a PC1 photon counting spectrofluorometer (ISS, Champaign, IL) at 25
°C with an excitation wavelength of 280 nm, and 1(2) nm slit widths on the excitation (emission) channels. In addition, a 370 nm cut-on filter was used on the emission channel to minimize the Trp emission and water Raman peak.
For the Tb 3+ binding experiment, the aliquots of Tb 3+ stock solution (buffer) were added to the sample (reference) cuvettes containing 2 ml of 2.5 µM C2AB domain. The sample dilution at the end of the experiments was maintained below 10%. The intensity of Tb 3+ luminescence was monitored at the maxima of its most intense emission peak, 545 nm, with averaging over 60 measurements. The raw intensities from the reference were then subtracted from those of the sample and corrected for dilution. To obtain the apparent binding affinity of Tb 3+ to the C2AB domain, the data were fitted with the following equation: 
Vesicle co-sedimentation
Vesicle co-sedimentation assays were carried out with 5 µM C2A/C2B/C2AB as previously 
where P 0 is the total amount of protein in the sample and P is the amount of protein that Table S1 . X-ray diffraction data collection and refinement statistics for the Pb 2+ complexes of C2A and C2B. 
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